Background {#Sec1}
==========

*H. pylori* infection is known to increase the risk of gastric cancers \[[@CR1], [@CR2]\], and both chronic atrophic gastritis and intestinal metaplasia have been reported to be precancerous lesions that can potentially develop into gastric adenocarcinoma \[[@CR3], [@CR4]\]. The Operative Link on Gastritis Assessment (OLGA) and Operative Link on Gastric Intestinal Metaplasia Assessment (OLGIM) gastritis staging systems are based on the histology of both antrum and corpus tissues and can be applied to assess the risk of gastric cancer in patients with premalignant lesions \[[@CR5], [@CR6]\]. A more advanced OLGA and OLGIM stage indicates corpus predominance and higher risk of gastric cancer. Our recent previous study further disclosed that the corpus-predominant gastritis index (CGI) can be used to identify *H. pylori*-infected patients currently without intestinal metaplasia who are at an increased risk of gastric cancer earlier than the OLGA and OLGIM staging systems \[[@CR7]\]. Accordingly, if the high-risk group can be identified earlier by gastric histology, *H. pylori* eradication can be performed to control the risk of gastric cancer \[[@CR8]\].

Patients with diabetes mellitus (DM) and poor glycemic control are associated with a higher prevalence of gastrointestinal symptoms \[[@CR9]\]. *H. pylori* infection has also been associated with insulin resistance and the development of type 2 diabetes mellitus (T2DM) \[[@CR10]--[@CR12]\]. Nevertheless, it remains controversial whether patients with diabetes are predisposed to *H. pylori* infection \[[@CR13]--[@CR16]\]. Several recent studies have shown that patients with DM who live in areas with a higher prevalence of *H. pylori* and gastric cancer and those with a longer duration of diabetes and poor glycemic control are predisposed to an increased risk of gastric cancer \[[@CR17]--[@CR19]\]. These observations suggest that even though the association between T2DM and a higher rate of *H. pylori* infection is controversial, the risk of gastric cancer is higher in patients with T2DM once infected with *H. pylori*. Therefore, the early detection and prompt treatment of *H. pylori* infection should be a priority to reduce the risk of gastric cancer in patients with T2DM.

Quatrinie et al. reported 23 diabetic patients with active gastritis, 25% of whom had intestinal metaplasia \[[@CR14]\]. In contrast, Małlecki et al. reported a lower prevalence (41% vs. 71%) of chronic active gastritis in 39 patients with DM than in non-diabetic controls \[[@CR20]\]. Therefore, we conducted this large-scale comparison between patients with T2DM and non-diabetic dyspeptic controls to investigate whether T2DM predisposes patients to a higher rate of precancerous lesions, more advanced OLGA or OLGIM stage, or a higher rate of CGI to predict the risk of gastric cancer after *H. pylori* infection. Our results disclosed that male patients and non-insulin users with T2DM were predisposed to have CGI. These findings may offer a promising risk factor stratification tool to identify the high-risk group of patients with T2DM who would benefit from earlier *H. pylori* eradication to control gastric cancer.

Methods {#Sec2}
=======

Patient characteristics, recruitment, and eligibility {#Sec3}
-----------------------------------------------------

We enrolled patients aged ≥ 20 years diagnosed with T2DM who were regularly followed up at the out-patient clinic of National Cheng Kung University Hospital. The diagnostic criteria of T2DM were based on the criteria of American Diabetes Association \[[@CR21]\]. The schematic flow chart of the study protocol is shown in Fig. [1](#Fig1){ref-type="fig"} **.** The Ethical Committee of our institute approved the study design (A-BR-103-021). The patient's sera were sent for anti-*H. pylori* IgG antibody testing (HEL-p TEST™ II; AMRAD Biotech, Perth, Western Australia) using an enzyme-linked immunosorbent assay (ELISA) after obtaining informed consent. Patients with seropositive and borderline seropositive results were further confirmed by ^13^C--UBT. The cutoff value of positive ^13^C--UBT was defined as an excess ^13^CO2 ⁄ ^12^CO2 ratio of more than 4.0‰ \[[@CR22]\]. Patients were excluded if they were pregnant, had a critical condition, previously received either successful or unsuccessful *H. pylori* eradication therapy, bleeding tendency (anti-platelet or anti-coagulant user), or contraindications for esophagogastroduodenoscopy. Age- and sex-matched *H. pylori*-infected non-diabetic patients who had undergone esophagogastroduodenoscopy for upper gastrointestinal diseases in the same period were enrolled as controls. The *H. pylori* infection of non-diabetic patients was defined by a positive culture or both rapid urea test and histology showing positive.Fig. 1The schematic flow chart of the study protocol and case numbers

Demographic and laboratory data {#Sec4}
-------------------------------

Among T2DM patients, demographic data including age, sex, body weight and height, duration of diabetes, and the use of oral and intravenous hypoglycemic drugs were recorded. The laboratory data included fasting sugar and glycated hemoglobin A1c (HbA1c) at the most recent clinical visit before endoscopy were collected in patietns with T2DM as well.

Esophagogastroduodenoscopy and gastric histology {#Sec5}
------------------------------------------------

The patients with positive ^13^C--UBT results were invited to receive an esophagogastroduodenoscopy examination. The gastric biopsy samples were collected for the rapid urea test (one sample) and histology, including from the antrum (two samples), corpus (two samples), and cardia (one sample) sampled topographically as our previous reports \[[@CR5]--[@CR7], [@CR23]\]. The same pathologist who was blinded to whether or not the patient had diabetes evaluated the histology according to the modified Updated Sydney System \[[@CR24]\]. Acute inflammation score (AIS, range 0--3), chronic inflammation score (CIS, range 1--3), lymphoid follicle formation (LF, range 0--8), *H. pylori* density (HPD, range 0--5), atrophic change (AT, range 0--3), and intestinal metaplasia (IM, range 0--3) were scored as in our previous report \[[@CR24]\]. The OLGA and OLGIM grading systems and the presence of CGI were based on our previous reports \[[@CR5]--[@CR7]\]. *H. pylori* infection was diagnosed according to a positive ^13^C--UBT result combined with either positive histology or rapid urea test.

Statistical analysis {#Sec6}
--------------------

Categorical data related to baseline characteristics were evaluated using Pearson's χ2 test or Fisher's exact test. Continuous data were analyzed using the independent *t* test. The histological scores of parameters were compared between the patients with and without T2DM using the Mann-Whitney U test. Linear-by-linear regression and multivariate logistic regression analyses were used as appropriate to investigate the independent risk factors for CGI in the patients with T2DM infected with *H. pylori.* All tests were two-tailed, and a *P* value less than 0.05 was considered to be statistically significant.

Results {#Sec7}
=======

Demographic and endoscopic features of the patients with diabetes and the non-diabetic controls {#Sec8}
-----------------------------------------------------------------------------------------------

Of the 797 screened patients with T2DM, the seropositive prevalence of *H. pylori* infection was 43%. Of these 797 patients, 264 (249 seropositive and 15 equivocal) had positive ^13^C--UBT results, of whom 129 received esophagogastroduodenoscopy to obtain gastric biopsies for histological evaluation (Fig. [1](#Fig1){ref-type="fig"}).

Among these 129 patients (56 females and 73 males), there were no significant differences in mean age between the females and males (61.0 vs. 59.2 years, *p* \> 0.05, Table [1](#Tab1){ref-type="table"}). The mean duration of diabetes in these 129 cases was 11.1 years. Forty-three (33.3%) of the patients had dyspepsia, nausea, and bloating. The endoscopic diagnoses included 74 (57.4%) cases with non-ulcer gastritis and 55 (23.6%) with peptic ulcers. We also enrolled 129 age- and sex-matched dyspeptic patients who had *H. pylori* infection confirmed by esophagogastroduodenoscopy (culture or rapid urea test/histology) during the same period as non-diabetic controls. The rate of non-ulcer gastritis was significantly lower in the controls than in the T2DM patients (45.0% vs. 57.4%, *p* \< 0.05).Table 1Comparison of gastric histology assessed according to Updated Sydney System scores among patients with diabetes and non-diabetes controls stratified by genderCharacters/mean(SD) or %(n)DM (*n* = 129)Non-DM (n = 129)*P* value DM vs. non-DMMale (*n* = 73)Female (*n* = 56)*P* value male vs. femaleMale (n = 73)Female (n = 56)*P* value male vs. femaleAge (years)59.2 (11.0)61.0 (10.2)0.3559.4 (11.2)60.8 (10.3)0.46--Non-ulcers gastritis^a^53.4 (39)62.5 (35)0.3026.0 (19)69.6 (39)\< 0.0010.046CIS^c^Antrum^b^2.85 (0.49)2.95 (0.30)0.182.81 (0.57)2.77 (0.60)0.600.13Body^a^2.68 (0.62)2.66 (0.72)0.792.32 (0.85)2.70 (0.57)0.010.02Cardia2.40 (0.81)2.30 (0.87)0.582.12 (0.91)2.46 (0.79)0.030.45AIS^c^Antrum1.84 (0.62)2.02 (0.40)0.081.71 (0.81)1.77 (0.85)0.580.13Body^a^1.40 (0.95)1.54 (0.89)0.421.05 (1.03)1.39 (0.95)0.060.04Cardia1.16 (1.00)0.86 (1.02)0.090.90 (1.00)1.16 (0.990.150.90LF^c^Antrum2.15 (2.11)2.32 (2.01)0.521.64 (1.87)1.84 (1.87)0.550.04Body^a^1.49 (1.81)1.29 (1.72)0.480.66 (1.11)0.70 (1.04)0.700.001Cardia0.85 (1.53)0.48 (0.89)0.180.53 (0.960.48 (0.76)0.960.74HPD^c^Antrum3.36 (1.31)3.39 (1.30)0.923.29 (1.64)3.23 (1.41)0.600.94Body3.21 (1.24)3.36 (1.18)0.423.16 (1.38)3.41 (1.32)0.320.77Cardia2.75 (1.38)2.63 (1.27)0.612.77 (1.51)2.98 (1.420.460.24IMAntrum30.1 (22)26.8 (15)0.6838.4 (28)33.9 (18)0.460.23Body15.1 (11)17.9 (10)0.6715.1 (11)10.7 (6)0.470.48Cardia1.4 (1)3.6 (2)0.5801.8 (1)0.430.31ATAntrum67.1 (49)67.9 (38)0.9368.5 (50)62.5 (35)0.480.79Body34.2 (25)23.2 (13)0.1721.9 (16)28.6 (16)0.390.40Cardia17.8 (13)14.3 (8)0.6212.3 (9)8.9 (5)0.540.19*SD* standard deviation, *CIS* chronic inflammation score, *AIS* acute inflammation score*LF* lymphoid follicle, *HPD* H. pylori density, *IM* intestinal metaplasia, *AT* atrophy*DM* Patients with diabetes, *Non-DM* patients without diabetes (controls)^a^: *p* \< 0.05, male patients with and without DM^b^: p \< 0.05, female patients with and without DM^c^: Mann-Whitney U test

Difference in gastric histology between the *H. pylori*-infected patients with T2DM and controls {#Sec9}
------------------------------------------------------------------------------------------------

The patients with T2DM had a significantly higher chronic inflammation score (2.67 vs. 2.48, *p* = 0.02), acute inflammatory score (1.46 vs. 1.20, *p* = 0.04), and lymphoid follicle formation score (1.40 vs. 0.67, *p* = 0.001) in the corpus compared to the controls. The lymphoid follicle formation score in the antrum was also higher in the patients than in the controls (2.22 vs. 1.73, *p* = 0.04). However, there were no significant differences in *H. pylori* density and the rates of intestinal metaplasia or atrophic change between the patients and controls in any topographic location (antrum, corpus, and cardia) (all *p* \> 0.05).

Table [1](#Tab1){ref-type="table"} shows comparisons of topographic gastric histological features related to *H. pylori* infection between the patients with T2DM and controls stratified by gender. Only the male patients with T2DM but not the females gender had statistically significantly higher chronic inflammation score (2.68 vs. 2.32, *p* = 0.005), acute inflammatory score (1.40 vs. 1.05, *p* = 0.04), and lymphoid follicle formation score (1.49 vs. 0.66, *p* = 0.004) in the corpus than the controls. In contrast, the female patients with T2DM had a significantly higher chronic inflammation score in the antrum than the non-diabetic controls (2.95 vs. 2.77, *p* = 0.047). Moreover, there were no significant differences between genders in the rates of intestinal metaplasia and atrophic change between the diabetic patients and controls (all *p* \> 0.05).

Male patients with T2DM had a higher rate of CGI than female patients after *H. pylori* infection {#Sec10}
-------------------------------------------------------------------------------------------------

Because the male patients with T2DM had more evident corpus inflammation than the male controls, we further validated whether the male patients with T2DM had a higher rate of CGI or more advanced stages of OLGA or OLGIM than the female patients or controls (Table [2](#Tab2){ref-type="table"}). The male patients with T2DM had a higher rate of CGI than the female patients with T2DM (58.9%. vs. 39.2%, *p* = 0.03), but a similar rate of CGI to the non-diabetic male control (58.9% vs. 62.5%, *p* \> 0.05). In addition, for both genders, there were no significant differences in the rate of either OLGA stage II or higher or OLGIM stage II or higher between the patients and controls (all *p* \> 0.05; Table [2](#Tab2){ref-type="table"}).Table 2The presence of CGI and OLGA and OLGIM grade stratified by gender between the patients with and without diabetes mellitus and non-diabetic controlsGastritis staging % (n)DM (n = 129)Non-DM (n = 129)*p* value DM vs. Non-DMMale (n = 73)Female (n = 56)*p* value OR (95% CI)Male (n = 73)Female (n = 56)*p* value OR (95% CI)CGI^b^58.9 (43)39.3 (22)0.03\
2.2 (1.09--4.51)52.1 (38)62.5 (35)0.24\
0.6 (0.32--1.32)0.32OLGA ≥ II54.8 (40)50.0 (28)0.59\
1.2 (0.60--2.44)43.8 (32)50.0 (28)0.49\
0.8 (0.39--1.57)0.32OLGIM ≥ II32.9 (24)32.1 (18)0.93\
1.0 (0.49--2.18)41.1 (30)33.9 (19)0.41\
1.4 (0.66--2.80)0.36*DM* diabetes mellitus, *OR* odds ratio, *CI* confident interval^b^: *p* \< 0.05, female patients with and without DM

Non-insulin users and male sex were risk factors for CGI in the *H. pylori*-infected patients with T2DM {#Sec11}
-------------------------------------------------------------------------------------------------------

We further investigated whether any factors were associated with the presence of CGI in the 129 *H. pylori*-infected patients with T2DM (Table [3](#Tab3){ref-type="table"}). The patients with T2DM with CGI were predominantly male (66.2% vs. 46.9%, *p* = 0.027) and fewer used insulin for glycemic control (18.5% vs. 42.2%, *p* = 0.003) than those without CGI. However, there were no significant differences in the mean age and duration of DM, rate of non-ulcer gastritis, body mass index, and the levels of fasting sugar and HbA1c between the patients with T2DM with and without CGI (*p* \> 0.05). Multivariate logistic regression analysis revealed that male gender (odds ratio: 2.28, 95% confidence interval: 1.11--4.69, *p* = 0.025) and not using insulin (odds ratio: 0.33, 95% confidence interval: 0.15--0.74, *p* = 0.007) were independent risk factors for the presence of CGI in the *H. pylori*-infected patients with T2DM. The rates of CGI showed an upward trend for female insulin users, male insulin users, female non-insulin users, and male non-insulin users (*p* \< 0.001 by linear-to-linear regression analysis, Fig. [2](#Fig2){ref-type="fig"}).Table 3The factors related to the presence of corpus-predominant gastritis index in 129 T2DM patients with *H. pylori* infectionCharacteristic % (n) or mean (SD)CGIOR (95% CI)*p* valuePresence (*n* = 65)Absence (*n* = 64)Female: Male22: 4334: 302.2 (1.09--4.51)0.027Insulin use18.5 (12)42.2 (27)0.3 (0.14--0.69)0.003Age (years)61.2 (8.0)58.8 (12.8)0.195Body mass index27.1 (5.6)25.5 (3.9)0.073DM duration (year)10.6 (7.6)11.6 (8.2)0.481Fasting sugar (mg/dl)141.1 (38.5)142.6 (48.4)0.858HbA1c (%)7.7 (1.3)7.7 (1.6)0.994HbA1c ≤ 7%32.3 (21)40.6 (26)0.7 (0.33--1.40)0.293*CGI* corpus-predominant gastritis index, *HbA1c* glycated hemoglobin A1c*OR* odds ratio, *CI* confidence interval, *SD* standard deviation Fig. 2The ratio of precancerous lesions (CGI, OLGIM≥ II, OLGA≥ II) in 73 male and 56 female diabetic patients who did and did not use insulin. The trend of the risk of precancerous lesions was analyzed by linear-to-linear regression (CGI, *P* \< 0.001; OLGIM≥ II, *P* = 0.64; OLGA≥ II, *P* = 0.51)

Discussions {#Sec12}
===========

The results of this large-scale, case-control study are highly original to illustrate that male patients with T2DM had higher chronic and acute inflammatory scores in the corpus than non-diabetic dyspeptic controls. Moreover, *H. pylori*-infected diabetic patients who were male and non-insulin users had a higher risk of CGI. This suggests that this high-risk group should receive earlier anti-*H. pylori* therapy to reduce the risk of gastric cancer.

*H. pylori* infection is defined as a type I World Health Organization carcinogen for gastric adenocarcinoma \[[@CR25]\]. A large-scale meta-analysis showed that patients with diabetes had an increased risk of gastric cancer unrelated to their geographical region of residence. Moreover, after adjusting for the prevalence of *H. pylori* infection, the risk was two-fold higher \[[@CR26]\]. These results suggest that diabetic patients with *H. pylori* infection are at a higher risk of gastric cancer, although the underlying mechanism remains unclear.

Chronic gastric inflammation has been reported to play a major role in gastric carcinogenesis \[[@CR27], [@CR28]\]. In addition, more severe chronic gastric inflammation in the corpus has been reported to result in an increased risk of gastric cancer \[[@CR28]\]. We found that the patients with T2DM and *H. pylori* infection had more severe inflammation in the corpus than those without diabetes. Moreover, the aggregation of lymphoid hyperplasia, which indicates the severity and activity of mucosal inflammation \[[@CR29]\], was also severe in both the antrum and corpus of the patients with T2DM. A greater severity of chronic gastric inflammation in the corpus in patients with T2DM may therefore lead to an increased risk of gastric cancer.

Males are known to have a higher risk of gastric cancer, and is similar in populations with high and low incidence of gastric cancer \[[@CR30]\]. 17β-estradiol (E2) has been shown to reduce female gastric neutrophil infiltration and prevent *H. pylori*-induced gastric cancer in mice \[[@CR31]\]. Other reproductive factors such as years of fertility and parity are associated to gastric cancer development \[[@CR32], [@CR33]\], however, the results are not consistent \[[@CR34]\]. However, the accurately biological mechanism of gender difference in gastric cancer risk needs more detail study. In the current study, we found that *H. pylori*-infected male patients with T2DM but not female patients had higher levels of neutrophils and lymphocytes over the corpus (Table [1](#Tab1){ref-type="table"}) compared to the controls. Moreover, the male patients with T2DM had a significantly higher rate of CGI than the female patients with T2DM (Table [2](#Tab2){ref-type="table"}). These findings are consistent with the general concept that males are at a higher risk of gastric cancer, and also that male patients with T2DM are at a higher risk of gastric precancerous lesions than females.

Insulin is the principle therapy for both patients with type 1 DM and also for those with T2DM with a poor response to oral hypoglycemic agents. We found that not using insulin was a significant factor for the development of CGI. Kim et al. reported that a lower fasting glucose level (\<86 mg/dL) was significantly associated with an increased risk of distal gastric cancer compared to a normal level \[[@CR35]\]. However, there were no significant differences in fasting sugar or HbA1c levels between the patients with and without CGI in this study. Furthermore, the insulin-like growth factor pathway has been reported to play a key role in the malignant progression of esophageal cancer in in vitro and in vivo studies \[[@CR36]\]. In addition, a large follow-up cohort study showed that the use of insulin and glinides was associated with a higher risk of stomach cancer \[[@CR37]\]. In contrast to our findings, a large population-based study reported that the use of insulin was not associated with the risk of gastric cancer \[[@CR38]\]. Therefore, further large-scale longitudinal observational studies are needed to elucidate the association between the use of insulin in patients with diabetes and gastric malignancy.

Atrophic gastritis and intestinal metaplasia are known to be precancerous lesions predisposing to gastric carcinogenesis \[[@CR3], [@CR7]\]. Our previous study showed that patients with gastric cancer had a higher prevalence of CGI and OLGIM stage II-IV. In addition, CGI has been reported to be highly correlated to the presence of spasmolytic polypeptide-expressing metaplasia \[[@CR7]\]. Although we did not find a higher grade of OLGA or OLGIM in the patients with T2DM compared to the controls, the male patients with T2DM had a higher rate of CGI than the female patients with T2DM (Table [3](#Tab3){ref-type="table"}). This suggests that the higher prevalence of gastric cancer in *H. pylori*-infected male patients with T2DM may be caused by chronic corpus inflammation and CGI rather than intestinal metaplasia.

There are some limitations to this study. First, all of the non-diabetic control patients were dyspeptic, so that we could not investigate the role of dyspeptic symptoms in the development of gastric precancerous lesions. Furthermore, the other risk factors related to gastric cancer such as cigarette smoking, dietary habits, and body mass index were not available in controls. Second, the analysis of hypoglycemic drugs for precancerous lesions was limited to insulin. Third, the exact mechanism by which chronic inflammation rather than chronic atrophic gastritis-intestinal metaplasia induces gastric carcinogenesis in patients with T2DM remains unclear.

Conclusions {#Sec13}
===========

In conclusion, the patients with T2DM had more severe corpus gastric inflammation than the non-diabetic controls after *H. pylori* infection. Male sex and not using insulin were independent risk factors for CGI after *H. pylori* infection in the patients with T2DM. Treating male patients with T2DM who do not use insulin for *H. pylori* treatment may be promising in reducing the risk of gastric cancer.
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